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EDITORIAL

Evolving generation of new Extended Depth of Focus 
intraocular lenses
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Functional vision is crucial in ophthalmology, especially in areas 
such as cataract surgery. Our lives have significantly changed, 
and technology has progressed rapidly over the past 3–4 
decades with the advancement of computers and mobile 
phones/screen-based devices, which are increasingly used in all 
modes of life compared to non-screen based tasks previously 
performed. According to the report by the ESCRS functional 
vision working group, 55 years and older Europeans spend at 
least 6 h per day on leisure activities, including playing games 
and computer use, relaxing/thinking, reading, watching televi
sion, socializing and communicating, participating in sports, 
exercise, and recreation, and other activities including travel [1]. 
Similarly, in the United States, the proportion of time spent on 
leisure and sports activities ranges from 23% of daily time (i.e., 
5.5 h) for individuals 55–65 years to 32% (i.e, 7.7 h) for individuals 
>75 years of age [1]. Besides leisure activities, several working 
distances are also needed for performing other everyday tasks, 
such as cooking, seeing the speedometer in a car, or walking on 
uneven ground [1–3]. Therefore, the definition of functional 
vision as just improving the distance vision many decades ago 
has changed to have good distance and intermediate vision 
to enable the patients to do their daily tasks on day-to-day 
technological gadgets.

Today, we have a wide range of intraocular lenses (IOLs) that 
cater to distance, intermediate, and near vision needs, wholly or 
partially. The first trifocal IOL was introduced in 2010 [4], 
extended depth of focus (EDOF) IOLs in 2014 [5], and monofocal 
IOLs with enhanced depth of focus were granted the first 
Conformité Européenne mark in 2019 [6–10]. There has been a lot 
of debate in the literature about the classification and nomen
clature of the new enhanced monofocal and EDOF IOLs. In a 
recent paper by Fernandez et al., there was a suggestion to use 
the term extended depth of ‘field’ instead of ‘focus’ as ‘field’ 
represents the functional measure through defocus curves [10]. 
The corresponding terminology from the optical point of view is 
“through-focus response” [10, 11]. However, no universally agreed 
standards for classifying these modern lenses exist. Although the 
arguments about the nomenclature of the IOLs are scientific, for 
the non-academic surgeon, these classifications can be over
whelming. To maintain simplicity of understanding, I will use the 
term EDOF in this editorial to extend the depth of focus/field IOLs.

The monofocal IOLs are evolving to enhanced monofocal 
IOLs [8, 12] to provide functional intermediate vision and EDOF 
IOLs cater to the full intermediate vision requirement [13] and 
functional near vision. At the same time, bifocals and trifocals 
cater for distance + near and distance + intermediate + near 
visions, respectively. When it comes to distinguishing the 
monofocals from enhanced monofocals and EDOFs, there is more 
than one parameter which can be used [e.g., patient’s subjective 

outcomes of intermediate vision gain, objective measurement of 
intermediate vision, following a particular classification of IOL, 
ANSI (American National Standards Institute) standards etc.]. 
However, a clinician’s basic understanding of the defocus curve 
will give them some idea of the ‘optimal’ performance of an IOL 
when they are introduced to a new IOL technology. In a very brief 
and lay term and for ease of remembrance, a very simplistic 
understanding of the defocus curve of monofocal, enhanced 
monofocal, EDOF and trifocal IOLs can be seen in Fig. 1. However, 
it must be noted that some of the IOLs will fall between these 
categories, providing a slightly different visual outcome and 
defocus curve. Moreover, based on how the lenses are classified, 
some trifocals may not be dis-similar to EDOFs and vice versa [10]. 
The knowledge of the defocus curves of these IOLs can be 
instrumental in offering spectacle independence when some 
mini-monovision is targeted.

To test any new EDOF IOL, it is essential to show its outcomes 
on bench studies first and then to show that the clinical 
outcomes mimic the bench study outcomes. In addition, it is 
imperative to compare the clinical outcomes of the new EDOF 
IOL to those of the existing enhanced monofocal and diffractive 
EDOF IOLs. In this supplementary issue there are three articles on 
the new purely refractive EDOF IOL, TECNIS PureSee™ (ZEN00V) 
by Johnson & Johnson Vision, Jacksonville, USA. The first article 
by Alarcon et al. [14]. focuses on the optical bench analysis of 
TECNIS PureSee™ IOL. It shows that this new IOL provides a 
similar visual range as the diffractive EDOF IOL TECNIS Symfony™, 
but with a better dysphotopsia profile which is comparable to a 
monofocal IOL. In the second article of this supplement, Corbett 
et al. corroborates the findings from the in vitro optical bench 
data in a multicentric randomized clinical trial where TECNIS 
PureSee™ was compared to the enhanced monofocal, TECNIS 
Eyhance™, showing similar dysphotopsia profile between both 
IOLs and statistically better intermediate and near vision 
performance of the new EDOF IOL [15].

The third article of this supplement by Black et al. [16], 
highlights the importance of tolerance to refractive errors (TRE). 
Currently, there is no standardized method established to 
evaluate and quantify TRE of IOLs. This paper addresses both 
preclinical and clinical metrics related to demonstration of TRE in 
the TECNIS PureSee™ IOL. Multifocal IOLs offer the most 
promising treatment near vision option for presbyopic patients 
[17]. However, they seem more sensitive to residual refractive 
errors, which can lead to patient dissatisfaction [18, 19]. Minimum 
postoperative refractive error is required to achieve optimal visual 
outcomes, with even minor astigmatism significantly under
mining the patients’ postoperative visual acuity [19]. However, 
residual refractive errors can be related to various factors, and it is 
impossible to predict absolute postoperative refractive errors. 
Refractive errors must be corrected as much as possible to fully 
exploit the benefits of multifocal IOLs [20]. The estimated 
percentage of enhancement procedures performed to reduce 
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residual astigmatism after implantation of multifocal lenses varies 
from 5.24 to 23.66%, depending on the study. For example, 
Gundersen et al. [21] observed considerable retreatment rates 
(10.8%) due to decreased visual acuity secondary to residual 
astigmatism. An EDOF IOL provides a significantly increased range 
of vision with minimal optical side effects of multifocality [22, 23]. 
The studies by Alarcon et al. [14] and Black et al. [16] in this 
supplementary issue show that the new purely refractive EDOF 
IOL, TECNIS PureSee™ (ZEN00V), provides good tolerance to small 
residual refractive errors on bench and clinical studies and is 
comparable to enhanced monofocal IOL on the same TECNIS® 

platform.
In summary, it was already known that around 9–10% of 

pseudophakic eyes with conventional aspheric monofocal will 
achieve good unaided distance and near vision, but the 
predictability of this pseudoaccommodation remains an issue 
[24, 25]. Enhanced monofocals provide a marginal improvement 
in intermediate vision performance compared to conventional 
monofocals [8] and EDOF provides good distance and inter
mediate vision with functional near vision [13]. Diffractive bifocals 
and trifocals provide predictable good distance and near vision, 
but dysphotopsia remains an issue. The new refractive EDOF IOLs 
seem promising technology for achieving predictable distance 
and intermediate vision with reasonable near vision [14–16]. and 
photic phenomenal similar to conventional monofocals. Thus, the 
quest to improve the quality of predictable vision for our 
pseudophakic patients continues.
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Fig. 1 Simplistic understanding of defocus curves. This figure is just for illustration and it does not represent any particular intraocular lens/es 
currently in the market.
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